Diabetes is a coronary heart disease risk equivalent because diabetes-affected individuals experience a poorer prognosis compared with nondiabetic subjects ([@B1]). The high overall mortality is largely driven by increased cardiovascular mortality ([@B1]--[@B3]). Diabetes is characterized by accelerated atherosclerosis ([@B4]), with increased amounts of connective tissue, glycoproteins, and calcified plaque in blood vessels ([@B5],[@B6]). Imaging by computed tomography (CT) reveals that diabetes-affected individuals have extensive calcification of their vascular beds ([@B7]--[@B9]), reported as the coronary artery calcium (CAC) score, reflecting significant cardiovascular disease (CVD) burden.

Several observational studies demonstrate that subclinical atherosclerosis, such as CAC, predicts ([@B10]--[@B12]) and reclassifies ([@B13]--[@B15]) future CVD events, independent of conventional risk factors in the general population. We have previously shown that a higher CAC score in diabetes predicts all-cause mortality ([@B16]). Whether higher CAC scores are associated with adverse clinical outcomes, in particular CVD mortality, in diabetes has not been studied extensively. One aim of this study was to examine the risk of CVD mortality in participants with diabetes across a range of CAC scores.

Pencina et al. ([@B17]) introduced the concept of net reclassification improvement (NRI), which measures the extent to which individuals with and without events are appropriately reclassified into clinically accepted higher or lower risk categories with the addition of a new marker. A second part of this study was to evaluate the extent to which adding CAC to a model based on Framingham risk factors correctly reclassifies diabetes participant's risk of future CVD mortality.

RESEARCH DESIGN AND METHODS {#s1}
===========================

Study population and data collection {#s2}
------------------------------------

The Diabetes Heart Study (DHS) is a community-based study of the genetic and epidemiological contributions to diabetic heart disease in which siblings concordant for type 2 diabetes mellitus (T2DM), as well as unaffected family members, were recruited from internal medicine and endocrinology clinics in western North Carolina. The DHS study design has been described in detail previously ([@B18]). To summarize, entry criteria required index patients diagnosed with T2DM after age 34 years and no historical evidence of diabetic ketoacidosis. At least one T2DM sibling was recruited for each index individual enrolled. Additional nondiabetic and diabetic family members were also enrolled when possible. Relevant to the study reported here, this is a community-based cohort that reflects a cross section of families with diabetes-affected members in our region. The study was approved by the institutional review board at the Wake Forest School of Medicine, and all subjects provided written informed consent for all study protocols.

Laboratory measurements {#s3}
-----------------------

The participant examinations were conducted in the General Clinical Research Center of the Wake Forest Baptist Medical Center and included interviews for medical history and health behaviors, including smoking history, and anthropometric measurements. Weight and height were measured to the nearest 0.1 kg and 0.5 cm, and resting blood pressure was recorded. Hypertension was defined as current use of any antihypertensive medication or a resting systolic blood pressure greater than 140 mmHg or resting diastolic blood pressure greater than 90 mmHg. Fasting laboratory assays for total cholesterol, HDL cholesterol, triglycerides, glucose, and hemoglobin A~1c~ were obtained. LDL cholesterol was calculated with the Friedewald equation ([@B19]). Diabetes was defined by self-reported history of adult onset of diabetes, fasting glucose 126 mg/dL or greater, or use of insulin or oral glucose-lowering medications.

CAC {#s4}
---

CAC was measured using fast-gated helical CT. All scans were performed on two single-slice subsecond helical CT scanners equipped for retrospective cardiac gating and capable of 500-ms temporal resolution (HiSpeed LX with the Smart Score Cardiac scan package; General Electric Medical Systems, Milwaukee, WI). Participants were placed supine on the CT couch over a quality-control calibration phantom (Image Analysis, Columbia, KY). After a scout image of the chest was obtained, a helical volume of the entire heart during suspended respiration at end inspiration was obtained with the following parameters: 3-mm slice thickness, 26-cm display field of view, retrospective cardiac gating, 120 kV, 240 mA, and CT scan pitch adjusted to heart rate, as previously described ([@B20]). To further improve the precision of the calcium score, a replicated scan was performed immediately after the initial scan so that the average of the two scores could be calculated. The reproducibility of the calcium score was high (Spearman correlation coefficient *r* = 0.98) between the first and second calcium scores. The amount of coronary calcium was scored using a modified Agatston method with the traditional 130-Hounsfield units threshold and a minimum lesion definition of 0.52 mm^2^. A previously published work showed this method has very high correlation with the electron-beam CT--derived measure of coronary calcium (*r* = 0.98) and high agreement when categorizing individuals based on their coronary calcium score ([@B20]).

Cardiovascular mortality {#s5}
------------------------

The primary outcome, cardiovascular mortality, was recorded for an average of 7.4 years (range 4--12) after CAC screening. At intervals of 9 to 12 months, an interviewer contacted each participant or a family member by telephone to inquire about well-being. For participants who had died, interviews were conducted with the next-of-kin, and copies of death certificates were obtained. A search by Social Security number in the national Social Security Death Index was also performed to determine the vital status of subjects lost to follow-up.

Cardiovascular death was defined as death as a result of myocardial infarction, congestive heart failure, cardiac arrhythmia, sudden cardiac death, peripheral vascular disease, or stroke as annotated on death certificates. Noncardiovascular death was defined as death due to cancer, infection, end-stage renal disease, accident, Alzheimer's dementia, or others, including obstructive pulmonary disease, pulmonary fibrosis, or liver failure.

Statistical analysis {#s6}
--------------------

We used χ^2^ tests for discrete variables and one-way ANOVA for continuous variables to test for differences in demographic and risk factors between surviving and deceased participants.

Subjects were separated into five groups on the basis of CAC scores derived from baseline CT scans (CAC scores 0--9, 10--99, 100--299, 300--999, and ≥1,000). Only one subject with a CAC score of 0 died of cardiovascular causes; hence, for statistical validity and robustness, we selected the above CAC categories. Logistic regression was used to estimate odds ratios (ORs) for CVD mortality for each CAC group. The discriminatory capacity of CAC was assessed by using the area under the receiver operating characteristic curve (AUC) C statistic as an index of model performance ([@B21]). The C statistic reflects the concordance of predictions with actual outcomes in rank order, with a C statistic of 1.0 indicating perfect discrimination ([@B21]).

The NRI index ([@B17]) was also determined and compared with the distribution of risk with Framingham Risk Score (FRS) variables (model 1) versus FRS+CAC (model 2). The predicted risk for CVD mortality was categorized into prespecified categories as 0% to \<7%, 7% to \<20%, and ≥20% using logistic regression models. These categories were chosen to indicate ≤1% annual mortality as being low risk, 1--3% as intermediate risk, and ≥3% as high risk. The NRI is estimated as {\[(number of events reclassified higher -- number of events reclassified lower)/number of events\] -- \[(number of nonevents reclassified higher -- number of nonevents reclassified lower)/number of nonevents\]}.

Additional analyses were performed to test for interactions between CAC and race and sex. In a separate analysis that used CAC score as a continuous variable, the base 2 logarithm of the sum of the CAC score plus 1 (log2 \[CAC + 1\]) was used. The choice of base 2 for the logarithm allowed examination of how a doubling of the calcium score affects CVD mortality, because each unit difference in the log-transformed CAC score represents a doubling of the score. Additional multivariable analyses used ordinal CAC categories to predict CVD mortality. All models were adjusted for age, sex, race, smoking, total and HDL cholesterol, systolic blood pressure, and antihypertensive medications. In additional analyses, adjustment for duration of diabetes, and hemoglobin A~1c~, were also undertaken. All statistical analyses were performed using JMP 8 software (SAS Institute, Cary, NC). Statistical significance was accepted at *P* \< 0.05.

RESULTS {#s7}
=======

Participant characteristics {#s8}
---------------------------

Among 1,443 participants in the DHS cohort, 224 nondiabetic subjects and 96 subjects with missing data were excluded: 61 for CAC score, 25 for total and HDL cholesterol, 3 for systolic blood pressure and antihypertensive medications, and 7 for smoking history. The baseline characteristics of 1,123 participants are reported in [Table 1](#T1){ref-type="table"}. The participants were a mean age of 61 years, \>50% were women, and 16% were African American. A total of 86% participants (963 of 1,123) had a CAC score ≥10, and 23% of African American participants (42 of 181), 12% of Caucasians (114 of 942), 21% of women (128 of 607), and only 5% of men (28 of 516) had a CAC score \<10. Risk factors were nearly equally distributed between the CVD mortality and no mortality groups, except for higher glucose and triglyceride levels in the CVD mortality group. Significant differences were found between the two groups, with higher mean CAC scores, higher prevalence of CAC scores ≥1,000, higher hemoglobin A~1c~ levels, and longer diabetes duration in the CVD mortality group ([Table 1](#T1){ref-type="table"}).

###### 

Baseline demographic characteristics and risk factors stratified by cardiovascular mortality in the DHS cohort
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CVD mortality {#s9}
-------------

During 7.4 years of follow-up, 92 CVD deaths were identified: myocardial infarction (*n* = 40), coronary artery disease (*n* = 24), cardiac arrest (*n* = 12), congestive heart failure (*n* = 12), and stroke (*n* = 4), as annotated in death certificates. There was an increased incidence of CVD mortality across higher categories of CAC (*P* \< 0.0001; [Supplementary Fig. 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-1548/-/DC1)). In a multivariate analysis, adjusted for age, sex, race, smoking, total and HDL cholesterol, systolic blood pressure, and antihypertensive medications, the ORs (95% CI) for CVD mortality using CAC scores 0--9 as a reference group were CAC 10--99: 2.93 (0.74--19.55); CAC 100--299: 3.17 (0.70--22.22); CAC 300--999: 4.41(1.15--29.00); and CAC ≥1,000: 11.23 (3.24--71.00; [Fig. 1](#F1){ref-type="fig"}). In additional analyses, after further adjusting for duration of diabetes, and hemoglobin A~1c~, the results were qualitatively similar ([Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-1548/-/DC1)).

![OR for cardiovascular mortality with higher CAC scores in the DHS cohort compared with CAC score \<10 in a full model.](972fig1){#F1}

The AUC for the prediction of CVD mortality was 0.70, using traditional Framingham risk variables, and increased to 0.75 (*P* = 0.0001) with the addition of CAC to the model ([Fig. 2](#F2){ref-type="fig"}).

![Receiver operating characteristic curve analysis depicting AUC with and without CAC to predict CVD mortality. (A high-quality color representation of this figure is available in the online issue.)](972fig2){#F2}

Cross-tabulations of the 7.4-year estimated mortality using the models with and without CAC are reported in [Table 2](#T2){ref-type="table"}. The addition of CAC to the predictive model resulted in reclassification of 28% of the sample. The NRI was 0.12 for events and 0.01 for nonevents, achieving an NRI for the entire study cohort of 0.13 (95% CI 0.07--0.19; *P* \< 0.02; [Table 2](#T2){ref-type="table"}). Overall, 161 individuals in the entire cohort were reclassified to a higher risk category, with an event rate of 13.7%, and 159 were reclassified to a lower risk category, with an event rate of 6.9%. The 7.4-year event rate for the entire cohort was 8.2%. Among intermediate-risk individuals, 53 (10%) were reclassified as high risk, and 144 (28%) were classified as low risk (NRI 0.34 \[0.28--0.40\]; *P* \< 0.001). In model 1 (FRS alone), 54% of the cohort was classified in the highest or lowest risk categories compared with 61% in model 2 (FRS+CAC). An additional 24% of those who experienced events were reclassified as high risk, and an additional 14% without events were reclassified as low risk using model 2.

###### 

Risk of cardiovascular mortality at 7.4 years predicted by models with and without CAC in DHS
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A separate analysis found no significant interaction between CAC and race (*P* = 0.5) and CAC and sex (*P* = 0.7) in the prediction of CVD mortality. In addition, a separate sensitivity analysis using CAC as a continuous variable in a full model showed CAC was a significant predictor of CVD mortality (*P* = 0.0001). After adjustment, a doubling of the CAC score resulted in a 24% increase in the risk of CVD mortality. In another analysis, the odds for CVD death increased by 71% in patients with diabetes for every increase in CAC grouping from 10 to 99 to 100 to 299, 300 to 999, and ≥1,000 (*P* = 0.0001; [Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-1548/-/DC1)).

CONCLUSIONS {#s10}
===========

The current study examined the utility of CAC in predicting CVD mortality in a biracial sample of diabetes-affected subjects with a mean follow-up of 7.4 years. CAC predicted CVD mortality independent of Framingham risk factors and the presence of any CAC (CAC ≥10) predicted risk for CVD mortality compared with participants with no or minimal CAC (CAC 0--9). Further, the addition of CAC to traditional risk factors resulted in a significant improvement in the classification of risk for the prediction of CVD mortality. An important feature of this study design is that the results likely reflect real trends of mortality in this region. The DHS is an observational study in which the participants are representative of our community. Mortality has not been affected by confounders such as an imposed clinical trial design or selective inclusion or exclusion of diabetes-affected participants based on the presence or absence of clinical characteristics.

Several studies have shown that CAC can be used as a CVD event risk stratification tool in the general population because it has prognostic power beyond the Framingham risk factors ([@B13],[@B14],[@B22],[@B23]). However, few data exist on the prognostic value of CAC for CVD events and none for CVD mortality among diabetes-affected participants. In this analysis of a high-risk diabetes-affected population, CAC provides added insight into the prognosis of CVD-related mortality.

In a study of 510 asymptomatic T2DM subjects from West London, the adjusted risk for CVD events during a mean follow-up of 2.2 (SD 0.4) years was 58.05 (95% CI 12.28--274.48) among participants with CAC ≥1,000 compared with participants with no CAC ([@B24]). CAC was categorized into four segments (≤100, 101--400, 401--1,000, and \>1,000 Agatston units), and the adjusted overall rate of death and nonfatal myocardial infarction by CAC categories was 0% (*n* = 0), 2.6% (*n* = 2), 13.3% (*n* = 4), and 17.9% (*n* = 5), respectively (*P* \< 0.0001), which are similar to our findings of CVD mortality rates ranging from 1 to 16% by CAC categories ([Supplementary Fig. 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-1548/-/DC1)). The investigators found that CAC predicted events more accurately than the FRS (AUC 0.92 for CAC vs. 0.60 for FRS, *P* \< 0.0001), similar to our findings ([Fig. 2](#F2){ref-type="fig"}). In the Prospective Evaluation of Diabetic Ischaemic Disease by Computed Tomography (PREDICT) study ([@B25]), designed to evaluate CAC as a predictor of CVD events in T2DM, 589 T2DM subjects were monitored for a median of 4 years and 66 CVD events were identified. Hazard ratios relative to CAC (0--10) were CAC 11--100, 5.4 (*P* = 0.02); 101--400, 10.5 (*P* = 0.001); 401--1,000, 11.9 (*P* = 0.001); and \>1,000, 19.8 (*P* \< 0.001). The current analysis extends and adds to this body of literature because it involved a larger cohort of T2DM (*n* = 1,123) with longer follow-up (mean 7.4 years) and focused on CVD mortality as the primary end point.

In a prior report from the DHS, we showed that CAC was an independent predictor of all-cause mortality ([@B16]). Using a similar approach to risk assessment, we observed an estimated OR \>6.7 when highest CAC was compared with lowest CAC for all-cause mortality. In this report we have extended this observation to focus on CVD-related mortality, where it is striking that we observed a doubling of an OR \>11 for CVD-associated death. We have further included conventional risk factors from the components of the FRS and shown that this substantial risk is observed when accounting for FRS. We have also shown that AUC analysis of mortality risk significantly improves predictive value beyond FRS components, even in this high-risk T2DM sample. Further, we have incorporated NRI analysis to show that CAC reclassifies individuals with intermediate FRS, which is statistically significant. Each of these elements is new to this current study and represents a significant step forward in understanding of mortality in the population of diabetes-affected individuals.

Diabetes is characterized by high CVD mortality ([@B2]). In diabetes, multivessel coronary atherosclerosis is often present before ischemic symptoms occur and before treatment is instituted ([@B3]). A delayed recognition of various forms of CVD worsens the prognosis for survival in diabetes. Several studies ([@B24],[@B26],[@B27]) indicate that in diabetes, traditional risk factors predict CAC but not other prognostic markers such as an abnormal myocardial perfusion. Abnormal myocardial perfusion has been validated as a prognostic tool in the general population ([@B28]), however, it has poor specificity in diagnosing CVD in diabetes ([@B29]). Similarly, carotid intimal medial thickness has been found to be inferior to CAC in the prediction of CVD events ([@B12]). Meaningful CAC burden (≥400) is high among patients with diabetes compared with randomly selected nondiabetic control subjects matched for CVD risk factors ([@B8]), indicating that CAC can be used as a simple, rapid, noninvasive measure of atherosclerosis in diabetes.

These findings suggest that CAC is a more reliable indicator of CVD risk than the established cardiovascular risk factors, probably because measuring the atherosclerotic plaque burden takes into account risk factors (both known and unknown) and their possible interactions. We compared characteristics of patients with diabetes CAC 0--9 versus CAC ≥10 to examine other factors potentially contributing to this increased risk of mortality and found that patients with diabetes with higher CAC scores had longer diabetes duration, were older, more likely to be men (51% vs. 18%), and had higher mean systolic blood pressure (data not shown). However, even after adjustment for systolic blood pressure, antihypertensive medications, diabetes duration and hemoglobin A~1c~, results were qualitatively similar ([Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-1548/-/DC1)), highlighting the significance of CAC as an independent risk predictor.

The strength of this study is the inclusion of a large population of T2DM participants with meticulous standardized measures of CAC and data collection leading to generalizability in the diabetes population. In addition to showing high risk associated with high levels of CAC, we found a subset of T2DM participants with none or minimal CAC scores who had a low risk for CVD mortality. Another feature of this study is that the addition of CAC to traditional risk factors leads to a clinically and statistically significant overall reclassification of 28% of participants with a significant reclassification in the intermediate-risk category. However, limitations need to be acknowledged. The DHS does not include patients with type 1 diabetes, but previous studies show that both forms of the disease have increased coronary calcification compared with nondiabetic subjects ([@B7],[@B8]). Thus, the results of the current analysis may be applicable in insulin-dependent diabetic patients as well. In addition, the selection of participants from a single center may limit the generalizability of results; however, studies from different regions have also reached similar conclusions ([@B24],[@B25]).

In conclusion, there is an epidemic of obesity and diabetes and its aftermath of micro- and macrovascular complications, necessitating multiple approaches that include better risk stratification strategies and novel therapies. This study indicates that CAC imaging can identify high- and low-risk diabetic individuals. Second, CAC scoring can be used to reclassify intermediate-risk diabetic subjects into higher- and lower-risk categories. Lastly, although diabetes is a CVD risk equivalent, there is residual cardiovascular risk that is amply captured by a CAC score above and beyond the traditional Framingham risk variables. In addition, CAC identifies a subgroup of patients with diabetes who are at low risk for CVD mortality. This may have therapeutic implications leading to individualized therapies. Further, the CAC score provides an objective quantifiable measure of disease severity to both patient and physician and has the potential to modify behavior. However, implementation of aggressive medical management in patients with diabetes with advanced calcification leading to decreased mortality remains to be determined. These issues, plus cost considerations and radiation exposure, underscore the need for further evaluation of imaging technology to maximize potential benefit in terms of identifying disease and instituting intensive therapy in this high-risk patient population.
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###### Supplementary Data

This article contains Supplementary Data online at <http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc12-1548/-/DC1>.
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